A rapid and efficient method for plasmid transformation of Klebsiella pneumoniae MSal and Escherichia coli K 12 has been developed. The method, which uses a freeze-thaw cycle in the presence of CaCl, to facilitate DNA uptake, is substantially more efficient for K. pneumoniae MSal than the conventional transformation procedure for E. coli. The simplicity and speed of the method makes it very attractive for routine transformation of K. pneumoniae M5al and E. coli K12.
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32 "C. Viability of populations was estimated by plating dilutions in saline phosphate (NaCl 8.5 g l -l , K2HP0, 7.0 g l-l, KH2P04 3.0 g 1-I) on non-selective medium after freeze-thaw. Unless otherwise stated the plasmid DNA used was pBR327 prepared in a caesium chloride gradient of which 1 a 5 pl(225 ng) was added in each case. Selection was on Luria agar supplemented with tetracycline (1 5 pg ml-l ). When larger plasmids were used for comparison with pBR327, equimolar amounts of DNA were added, i.e. 984 ng pGEl00 and 1620 ng pJRW1.
R E S U L T S
Elfficiency of freeze-thawprocedure with K . pneumoniae. Two strains of E. coli and two strains of K. pneumoniae were compared for transformation by the Cohen method and the freeze-thaw method. In E. coli the freeze-thaw procedure was 10-2074 as efficient as the Cohen method but with K. pneumoniae it increased the transformation frequency some 103-fold (Table 2 ). E. coli strain GM4 was apparently more susceptible to the freeze-thaw shock than the other strains used and took significantly longer to grow out afterwards.
Number of freeze-thaw cycles. Some increase in transformation frequency was observed after a second freeze-thaw cycle (Table 3 a) . However, successive cycles of freeze-thaw progressively Table 3 . Eflects of altering parameters of the freeze-thaw transformation reduced the viability of the transformed population such that the viability was 30% after one cycle and only 3% after a second cycle. It would appear that on balance a single cycle of freezethaw is perfectly adequate in most situations.
Eject of plasmid size. Using the Cohen method the transformation probability decreases linearly with plasmid size in E. coli (Hanahan, 1983 ). An increase in size from 3.5 kb (pBR327) to 16.0 kb (pGEl00) had no significant effect on a freeze-thaw transformation frequency but a larger plasmid of 26.0 kb (pJRW 1) transformed substantially less efficiently (Table 3b) . Efficient transformation has been achieved in our laboratory using the freeze-thaw procedure with a large number of different plasmids ranging in size from 3.5 to 10.0 kb (data not shown).
Eflect of freezing temperature. Dityatkin et al. (1972) reported an increase in transfection frequency of E. coli with decreasing temperature of freezing in the freeze-thaw cycle. Furthermore as liquid nitrogen (-196 "C) is not routinely available in many laboratories it was of interest to examine whether freezing at -20 "C (deep freeze for 15 min) or -70 "C (solid C02/acetone for 2 min) were also effective. No significant effect of the freezing temperature on transformation efficiency was found in either E. coli or K. pneumoniae (Table 3c) . M 
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Transformation in the presence of glycerol. E. coli cells which have been made competent by the Cohen method can be kept for use at a later date as a suspension in 15 % (v/v) glycerol frozen at -80 "C. However, if the mechanism of DNA uptake during freeze-thaw transformation involved an osmotic shock it was possible that glycerol would protect the cells and consequently reduce the transformation frequency. Cells were therefore resuspended in 100 mM-CaC1, , 15 % (v/v) glycerol, 10 mM-Tris/HCl pH 8.0 rather than in 50 mM-CaCl,, and then either transformed immediately by the freeze-thaw procedure or frozen at -80 "C for a number of weeks and then thawed and transformed by freeze-thaw. The presence of 15% (v/v) glycerol did not substantially impair transformation and cells could be transformed by freeze-thaw quite satisfactorily after storage for up to 3 weeks at -80 "C (Table 3d) .
Transformation in the absence of calcium chloride. The freeze-thaw transfection of E. coli reported by Dityatkin et al. (1972) was carried out in a medium containing 0-5 % bactopeptone, 2 mM-MgC1, and 10 mM-Tris pH 7.4. Mg*+ stimulates calcium-mediated transformation but acts as a poor primary stimulant (Hanahan, 1983) . Transformation of both E. coli and K . pneumoniae was achieved by freeze-thaw in LB without any added divalent cation but this was significantly less efficient than in the presence of calcium ( Table 3e ).
Transformation of other bacterial species and genera. Following the success of freeze-thaw transformation in K . pneumoniae M5al we examined the possible application of this technique in other bacterial strains, species and genera. The method was successful with E. coli, Klebsiella pneumoniae K 1-8 and K . pneumoniae ('K. aerogenes') KB 172 1 (data not shown), but failed to work with K . pneumoniae NCIB 5938 and Klebsiella sp. NCIB 91 11. It was successful in Salmonella typhimurium LR5000 but was no more efficient than the Cohen method (data not shown). With Pseudomonas putida freeze-thaw transformation was very efficient in strain KT2440 using plasmid pRK2501 and transformation efficiencies were approximately 1 00-fold higher than those achieved by the Cohen method (J. Ramos, personal communication). Attempts at freezethaw transformation of Azotobacter chroococcum MCA 1 and Azotobacter vinelandii U Wr using plasmid pKT230 were all unsuccessful. A. chroococcum was killed by the freeze-thaw procedure with or without glycerol. Occasional transformation, at very low frequency, was obtained with Proteus mirabilis WR19 (data not shown). DISCUSSION Dityatkin et al. (1972) first used freeze-thaw to induce uptake of DNA by E. coli and Proteus vulgaris. Since then the method has not been widely used and we are only aware of one subsequent report, for transformation and transfection of Agrobacterium tumefbciens (Holsters et al., 1978) , although freeze-thaw cycles are included in a complex transformation protocol for E. coli strain ~1 7 7 6 developed by D. Hanahan and described in Maniatis et al. (1982) . We consider that the freeze-thaw method of transformation described in this paper has distinct advantages which could make its application much more general. For introduction of small plasmids into K . pneumoniae it gives a substantial improvement in transformation efficiency, in speed and in simplicity over the Cohen method. It is also extremely attractive for use in E. coli because the moderately lowered efficiency with this organism is compensated for by the rapidity and simplicity of the method. We now routinely use freeze-thaw transformation for both K . pneumoniae and E. coli. We normally freeze in liquid nitrogen but the method is equally efficient if cells are frozen at -70 "C or -20 "C. Freeze-thaw has proved effective with many different E. coli and K . pneumoniae mutants in our hands although a minority have been found to be susceptible to damage by the freeze-thaw shock and consequently require a longer period of growth after transformation. The freeze-thaw procedure, like the Cohen method is less efficient with larger plasmids and with such plasmids the Cohen method may give slightly better results. Although it is possible to store cells frozen in glycerol and transform them subsequently by the freeze-thaw technique, our experience is that the rapidity of the method means that storage of competent cells is of very little advantage.
The role of divalent cations and the heat shock in plasmid transformation by the Cohen method is not completely understood but it has been suggested that the presence of Ca2+ or Mg2+ causes reorganization of the lipopolysaccharides in the outer membrane around and within zones of adhesion. These zones of adhesion are points at which the cytoplasmic and outer lipid bilayer are fused through holes in the peptidoglycan and the combination of millimolar concentrations of divalent cations and temperatures near 0 "C may affect the conformation and accessibility of these channels through the cell envelope (Hanahan, 1983) . It seems likely that the freeze-thaw procedure could cause similar transitions in the membrane and allow DNA molecules to pass into the cell. Strange & Postgate (1964) showed that cold shock, a component of freeze-thaw stress, rendered ' K . (Aerobacter) aerogenes' permeable to molecules at least as large as ribonuclease.
